Drosophila, generates two splicing isoforms that are mostly identical except the cytoplasmic tail. Neuronal-specific Nrg180 regulates dendrite growth, while epidermal Nrg167 is likely involved in cell-cell adhesion. Here, we showed that, in addition to cell-cell junctional expression, epidermal Nrg167 also localizes to linear segmental structures aligned parallel to da dendrites. This structure, named dendritic foundation, play roles in stabilizing dendrites during growth, and in preventing unwanted dendrite-dendrite interaction. Epidermal Nrg167 supports dendrite formation as overexpression induced ectopic dendrites, while depletion reduced dendritic branches. Interestingly, epidermal Nrg167 and neuronal Nrg180 showed mutual stabilization by each other, suggesting a heterophillic interaction between neuronal Nrg180 and epidermal Nrg167. We further show that epidermal Nrg167 induces dendrite enwrap inside epidermal cells and prevents heteroneuronal dendrite bundling, indicating that epidermal Nrg167 accurately positions dendrites in the 3D space. Finally, we found that dendrite bundling involves homophillic interaction between dendritic Nrg180, and is prevented by endocytosis of Nrg180 in dendrites. We are investigating the molecular and cellular mechanisms responsible for scar free wound healing and tissue regeneration in frog embryos and tadpoles. We have shown that tadpole tail amputation induces a sustained production of reactive oxygen species (ROS), which is necessary for tail regeneration. When ROS production following tail amputation is inhibited, both cell proliferation and growth factor signaling fail to occur normally. Intriguingly, we have found that fertilization also induces a dramatic increase in ROS production, which is also sustained throughout early embryogenesis. Indeed, if we inhibit or attenuate ROS production following fertilization, cell cycle progression and growth factor signaling are also inhibited or attenuated, respectively. Thus, we find many remarkable parallels in the induction, maintenance and roles for ROS during tissue regeneration and those following fertilization and during embryogenesis. Indeed, both injury and fertilization seem to set in motion a similar series of events, and as such, we have begun to think of fertilization as an injury, which induces development, in much the same way that injury induces a regenerative response in post-embryonic stages. Thus, we postulate that a successful regenerative response is dependent on a return to an embryonic-like state of cellular oxidation, which facilitates cell cycle progression and growth factor signaling. The correct wiring of neural circuits during development is critical to brain function. An important contributor to this process is the cadherin/ catenin cell adhesion complex, consisting of N-cadherin, β-catenin and αN-catenin, and present at high levels both pre-and post-synaptically since early development. Previous work from a number of laboratories, including ours, showed that members of this complex played important roles in regulating dendrite and axon development, as well as synapse formation and plasticity. Here, focusing on the in vivo function of this complex, we showed that cadherin/catenin complexes promote excitatory synaptic transmission in layer 2/3 pyramidal neurons of the mouse somatosensory cortex during early neural circuit formation. This process is achieved through increased stabilization/maintenance of dendritic spines and is dependent on presynaptic interaction between β-catenin and the synaptic vesicle associated protein p140Cap. At the later stage of neural circuit refinement, when total synapse density in the brain is significantly reduced to optimize information transfer, the cadherin/ catenin complex mediates coordinated spine maturation and spine pruning. This process is highly regulated by neural activity, with the spine receiving more activity gaining cadherin/catenin complexes and becoming more mature, and neighboring spines receiving less activity losing their cell adhesion complexes and sometimes completely eliminated. Together, our work demonstrate critical roles of the cadherin/catenin complexes during multiple stages of neural circuit wiring. The majority of stem cells disappear during development and only small populations remain in the adult animal. Stem cell number has therefore to be tightly regulated during development, but the molecular mechanisms causing stem cells to exit proliferation at a specific time are unclear. To address the mechanism triggering stem cell exit during development we used Drosophila neural stem cells, the neuroblasts. Neuroblasts proliferate during development but all exit cell cycle and disappear before adulthood.
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Together, our work demonstrate critical roles of the cadherin/catenin complexes during multiple stages of neural circuit wiring. The majority of stem cells disappear during development and only small populations remain in the adult animal. Stem cell number has therefore to be tightly regulated during development, but the molecular mechanisms causing stem cells to exit proliferation at a specific time are unclear. To address the mechanism triggering stem cell exit during development we used Drosophila neural stem cells, the neuroblasts. Neuroblasts proliferate during development but all exit cell cycle and disappear before adulthood.
We discovered that Drosophila's neuroblasts have an intrinsic unlimited proliferation capability, and that developmental signals are actively required to stop their proliferation. We found that changes in energy metabolism induced by the steroid hormone Ecdysone together with transcription regulator Mediator initiate an irreversible cascade of events leading to neuroblast differentiation. An increase in the levels of oxidative phosphorylation in neuroblasts leads to an uncoupling between cell cycle from cell growth. This results in a progressive reduction in neuroblast cell size and ultimately in their terminal differentiation. Neuronal differentiation is not simply the turning on of a developmental switch that results in the production of cell-specific expression and features. We have used the six touch receptor neurons (TRNs) in C. elegans to identify and study the factors needed to initiate and maintain the differentiation of a specific type of neuron. We have identified transcription factors that specify, maintain, and restrict cell fate and others transcription factors, including Hox proteins, that reduce stochastic variability and ensure differentiation. The first class of transcription factors includes selectors, which direct the production of cell-characteristic proteins, but also transcription factors that restrict and allow the selectors to act. We are calling the second class of transcription factors, which allow maximal function of selectors, guarantors. Our most recent studies are directed at understanding how different subtypes of TRNs are specified. doi:10.1016/j.mod.2017.04.547
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From the bush to the bench: A short-lived african fish reveals novel aspects of the genetic control of development and aging Alessandro Cellerino Scuola Normale Superiore, Pisa, Italy Leibniz Institute on Aging, Fritz Lipmann Institute, Jena, Germany African annual fishes from the genus Nothobranchius are small teleosts that inhabit temporary water bodies subject to annual desiccation due to the alternation of the monsoon seasons and their natural lifespan is of a few months. Nothobranchius furzeri is the vertebrate species with the shortest lifespan recorded in captivity. Its short lifespan is coupled to rapid age-dependent functional decline and expression of cellular and molecular changes comparable to those observed in other vertebrates, including humans. We report a highquality draft of its genome and extensive studies of RNA-seq that analyzed genome-wide transcript regulation during aging of this species. The analysis of these data provided novel insights in the genetics of vertebrate aging: (i) we revealed that aging-related genes tend to cluster in specific genomic regions, (ii) we performed a longitudinal analysis of gene expression and identified genes coding for complex I of the respiratory chain as predictors of longevity, (iii) we demonstrated that partial pharmacological inhinibition of complex I induces life-extension and rejuvenation of the transcriptome. (iv) we identified genes under positive selection as a response to fast aging, under those, again, respiratory chain was enriched (v) we identified miR-29 as an evolutionary-conserved miRNA that is regulated during aging in multiple species and tissues and (vi) we demonstrated that inhibition of miR-29 in vivo accelerates the expression of aging phenotypes. The emergence of spatial patterns in developing multicellular organisms relies on positional cues and cell-cell communication.
Drosophila sensory organs have informed a paradigm where these operate in two distinct steps: prepattern factors drive localized proneural activity, then Notch-mediated lateral inhibition singles out neural precursors. Whether self-organization might also contribute to proneural patterns remains unexplored. Using a combination of experiments and modeling, we show here that Notch signaling dynamically organizes a sequence of proneural stripes that resolve into regular rows of sensory bristles on the fly thorax. Patterning is initiated by a broad gradient of Delta ligand expression, then progresses through inhibitory signaling between and within the stripes. Our study reveals that Notch signaling can support selforganized patterning on a tissue-wide scale, and provides a simple example where a broad prepattern is transduced by cell-cell interactions to produce an elaborate arrangement of fates. During differentiation, the MCC precursors first support an explosive production of hundreds of basal bodies, which migrate and dock with the apical cell membrane, and then seed the biogenesis of multiple motile cilia. We are using genetic and cell biological analysis in the zebrafish and the mouse to dissect the transcriptional network that regulates this specialized program of MCC specification and differentiation. I shall present our work on three coiled-coil containing proteins of the Geminin family: Geminin, Multicilin and Gmnc, and their roles in the generation of MCCs. Our data, together with evidence from other laboratories, have established that Gmnc and Multicilin are the master regulators of the MCC fate. They act in a step-wise cascade to induce the transcriptional program of MCC specification and differentiation, whereas Geminin is thought to antagonize their activities.
Using whole exome sequencing, we have also identified the first Asian RGMC patient in Singapore, compound heterozygous for novel pathogenic mutations in the cyclin gene, CCNO. CCNO is a transcriptional target of Gmnc and Multicilin, and plays a critical role in the generation of multiple basal bodies in differentiating MCCs. Consequently, the patient is chronically afflicted with respiratory disease, and his airway cells lack motile cilia due to impairment in the generation of basal bodies. Together, all of these findings provide new information for our understanding of MCC development, and are of clinical significance for human diseases like RGMC. doi:10.1016/j.mod.2017.04.550
